several times through the viscera and foot; the hemolymph, after being strained through 250->m nylon mesh, was add~to an approximatcly equal volume of collection fluid consistin of 0SM NaCI, 0.05M Hepes, 5 mM EGTA, 1 mMptosyl ar*uiine methyl ester, Pepstatin A (3 I^g/ml, BoehringerMannheim), and leupeptin (3 p.g/ml, BoehringerMannheim) (pH 7.5). After the hemolymph preparation was centifuged at 10,400g m a Sorvall centrifiuge with an fB4 rotor, fluid between the pcllet and the floating lipid pad was removed and recentrifuged. The supematant was then spun for 2 hours at 80,000g in an SW-39 rotor with an L-2 Bcckman ultracentrifuge; the resulting pellet was used for gel electrophoresis. 9. U. K. Laemmli, Nature (Lond) 227, 680 (1970). 10. Energy-dispersive spectroscopy was performed in a Philips 400 analytic transmission dectron microscope fitted with an x-ray energy-dispersive spectrometer. Thin sections (60 to 80 nm) of auricular tissue that had been prepared for standard electron microscopy were mounted on aluminum grids. The analyses were done on clusters ofhemocyanin molecules found within the hemocoelic spaces at 20-kV accelerating voltage, 150 specimen tilt, and a probe size of 100 nm for 300 live seconds. Ratios of energy peaks for copper K-and L-shell electrons to background were 4.8 and 2.2, respectively.
The pattern ofconnections between the retina and midbrain has been determined with delctrophysiological and neuroanatomical methods in bats representing the two major subdivisions of the Chiroptera. Megachiropteran fiuit bats (megabats), Pter spp., were found to have an advanced retinotectal pathway with a vertical hemidecussation of the kind previously found only in primates. In contrast, the microchiropteran bat Maerodcwagsas has the "ancestral" or symplesiomorphous pattern of retinotectal connections so far found in all vertebrates except primates. In addition to linking primates and megachiropteran bats, these findings est that flight may have evolved twice among the mammals.
T HE PATrERN OF CONNECrIONS BEtween the retina and the midbrain superior colliculus (or tectum) distinguishes primates from all other mammals so far studied (1) . In strepsirhine and haplorhine primates (2) , the pattern of crossover of retinotectal fibers is like that of the retinothalamic fibers, with the result that the superior colliculus on one side of the brain subserves both eyes but only the opposite hemifield of visual space (3). In contrast, in all other vertebrate groups so far examined, the crossover pattern of retinotectal fibers differs from that ofthe retinothalamic fibers, with the result that the superior colliculus subserves the whole visual field ofthe opposite eye (4-10). Bats (12) . The microbats, suborder Microcbinptfera, are, by contrast, diverse, worldwide, small, predominantly insectivorous bats, all of which use ultrasonic emissions for echolocation (13) . I now report that fruit bats of the genus Pteropus have the advanced pattern of retinotectal fiber connections like that of primates. In contrast, the microbat, Macrodrma gigas, has the plesiomorphous pattem of retinotectal projection found in most vertebrates. The findings lend support to the older dassifications linking primates and bats, with the new qualification that this applies only to the Me,gaciroptera. A corollary of this phylogenetic hypothesis is that mammalian flight has evolved independently more than once (14) .
The megabats used in this study were three grey-headed flying foxes, Pteropus poliocphalus, two black flying foxes, Pteropus alecto, and one little red flying fox, Pterops scapulatus, taken from the wild near Brisbane, Australia, and maintained in an outdoor aviary. The microbats were two Australian ghost bats, Macrodermagiqas, taken from a colony of 400 breeding females at Pine Creek, Northern Territory. Macrodema was chosen because, in comparison with most other microchiropterans, it has a relatively well-developed and experimentally tractable visual system, with large eyes and a temporal retinal area of increased ganglion cell density which "looks" forward like that found in Pterops (Fig. 1) . Two methods were used to determine the pattern of retinotectal fiber connections: electrophysiological and neuroanatomical. In the first, microelectrodes were used to record the visual responses ofindividual neurons in the superior colliculus of bats anesthetized with intramuscular injections of ketamine and xylazine (15) . The locations of visual receptive fields were plotted with respect to the zero vertical meridian for each eye, the latter having been established from the projection of the ophthalmoscopically visible optic nerve head and data from retinal whole mounts giving the relation between the area of increased ganglion cell density and the nerve head (16) . A check on this estimate was provided by binocular fields recorded in overlying visual cortex (17). For the neuroanatomical studies, injections of horseradish peroxidase (HRP), in some cases conjugated to wheat germ agglutinin (WGA-HRP), were made into the superficial layers of the superior colliculus receiving retinal input to enable retrograde labeling ofretinal ganglion cells (18). The previous electrophysiological determination of the location of the superior colliculus was used to guide the placement of the HRP injections in three cases. In five other cases, the overlying visual cortex was removed by suction ablation to expose the superior colliculus so that injections could be directed visually to its whole retinal projection area. After survival times of 24 Separate origins for the wings of megabats and microbats are supported by the presence of a number of small, but consistent skeletal differences between them (23) , the presence of other synapomorphies linking megabats to primates but not to microbats (24) , the appearance of sustained flight in at least three separate nonmammalian lines (25) , the numerous appearances of gliding flight with three separate "inventions" in the marsupials alone (26) , and a fossil record indicating an origin for microbats more than 50 million years ago (27) compared with the recent fossil megachiropterans which have even been classified as primates (28) . Separate origins for the advanced retinotectal organization in fruit bats and primates are not supported by the close identity between the complex details of the pathways involved in each group (29) , nor by their absence in such highly visual and arboreal mammals as squirrels, cats, tree shrews, and phalangers (5) (6) (7) (8) (9) (10) . Serological evidence linking dermopterans and primates (30), the homologous structure and innervation of the patagium in dermopterans and megachiropterans (11) , the present evidence linking primates and megachiropterans, plus the previous morphological evidence linking dermopterans, primates, and megachiropterans (23) all taken together, suggest that a fruitful line of future investigation will be the evolutionary relations of these three groups of mammals. In the meantime it 
